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© Poiycarboxylic acids with higher thickening capacity and better clarity. 



© Polymer and process of polymerizing a monomer charge containing at least 85% of an olefinically 
unsaturated carboxyi monomer of 3 to 5 carbon atoms at up to 15% of a copolymerizable comonomer, in the 
presence of a mixed reaction medium containing an organic solvent and a hydrocarbon solvent in respective 
wejqht ratio of 95.-5 to 1/39, said organic solvent is selected from ketones, esters, ethers, and alcohols having 
solubility parameter in the range of 8 to 15 and said hydrocarbon solvent is selected from aliphatic and cyclic 
aliphatic alkanes containing 4 to 12 carbon atoms and non-benzene aromatics of 7 to 9 carbon atoms. Said 
organic solvent and said hydrocarbon solvent are preferably liquid at room temperature. Viscosity of the 0.2% by 
weight polymer is in excess of 15.000 cps. preferably in excess of 20.000 cps. and its clarity is at least 80%. 
preferably 85% iransmittanco. Viscosity of 1% mucilages containing 1% sodium chloride salt is greater than 
5.000 cps : preferably greater :han 8.000 cps. 
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Potycarboxyffc Adds With Higher Thickening Capacity and Batter Clarity 



Polymers of unsaturated oarboxylic acids and salts thereof are well known. These polymers include 
homopolymers and copolymers which contain up to 10 weight pe.cent of other copolymerizable monomers. 
Typical monomers include acrylic acid, methacrylic acid, maleic ac- ! or its anhydride, itaconic add. and the 
like. U.S. patent 2.798.053. for instance, discloses copolymers of acrylic acid with small amounts of 
polyaikenyl polyether crosslinks which are gel-like and. especially in the form of their salts, can absorb 
targe quantities of water or solvents with subsequent substantial increase in volume. U.S. patents 3.940,351 
and 4.062.817 describe polymers of an unsaturated carboxylic acid and at least one acrylic or methacrylic 
ester wherein the alkyl groups contain 1 to 30 carbon atoms. Such polymers are also effective thickening 
agents, even in the presence of substantial amounts of inorganic salts. U.S. patents 3.915.921 and 
4.066.583 disclose preparation of same or similar polymers in similar systems. 

U.S. patent 4.267,103 discloses polymers of unsaturated carboxylic acids or salts thereof in various 
solvents wherein more than 1% by weight of the carhoxyl groups are neutralized. Such polymers have 
molecular weight greater than 500 and up to several million, but generally, in the range of 10.000 to one 
million. Such polymers are also effective thickening agents. 

U.S. patent application entitled. "Poly carboxylic Acids With Small Amount of Residual Monomer" bears 
Serial No. 17,966 and was filed February 24. 1987. That case discloses polymerization of a partially 
neutralized acrylic acid, or a like monomer, in the presence of acetone or a lower alkyl acetate reaction 
medium and in the presence of initiator selected from lauroyl peroxide and peroxydicarbonates whereby a 
polymer is obtained with a low level of unreacted monomer. 



Summary of the Invention 



Polymers of a monounsaturated carboxylic acid of 3 to 5 carbon atoms, or its water-soluble salt are 
prepared by polymerizing one or more of such monomers with up to about 15% of one or more of other 
copolymerizable monomers in the presence of a reaction medium that is a mixture of an organic solvent 
with a hydrocarbon solvent also in the presence of an effective amount of a crosslinker and an initiator. 
Such polymers have a higher thickening property and better clarity, when measured in water when 
compared to polymers prepared in individual solvents alone. Such polymers can have a low level of 
unreacted monomers of less than 0.2%. in a preferred embodiment. 



Detailed Description of the Invention 



The polymers prepared in a mixed reaction medium have higher viscosities, in presence of or absence 
of salt when viscosity of a mucilage is measured, which is important in thickening applications where higher 
viscosity is translated into a higher thickening capacity. Such polymers prepared in a mixed reaction 
medium also have better clarity, which is especially essential in preparation of clear products such as hair 
gels, certain shampoos, and cosmetic products. The low level of unreacted monomers in the polymers 
prepared in the presence of a mixed reaction medium is also important especially in applications such as 
cosmetics and pharmaceuticals, where toxicity of ingredients is closely monitored and only ingredients 
which meet stringent requirements are used. Viscosity of the 0.2% mucilage in absence of salt, prepared in 
a mixed solvent is greater than 15.000 cps. preferably in excess of 20,000 cps. The 0.2% mucilage is 
prepared by adding 0.2% of the polymer described herein in water and measuring viscosity thereof after 
the polymer dissolves or disperses in the water and pH adjusted to 7 to 8 with 18% sodium hydroxide 
solution. In the presence of 1% sodium chloride salt the 1% mucilage viscosity is greater than 5.000 cps. 
preferably greater than 8,000 cps. Gel clarity is measured as the percent transmission of light at 420 mm 
using a Srinkman colorimeter and should be better than 80%. preferably better than 85% transmittance. 
Viscosity refer, ed to herein is Brookfiekj viscosity measured with an RVT model at 20 rpm at room 
temperature. 

The polymers of this invention include homopolymers and copolymers. At least 85%. preferably at least 
90% of the monomers are selected from the principal monomers selected from monounsaturated monocar* 
boxylic and di carboxylic acids and salts thereof. The secondary monomers or comonomers comprise up to 
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15% by weight* preferably up to 10%. such as 1 to 10% of the monomer mix. Molecular weight of such 
polymers is greater than about 100.000 and up to several million, preferably about one-naif million to about 
three million weight average molecular weight. 

The principal monomers are selected from olefinicrJIy unsaturated monocarboxylic and dicarboxylic 

5 acids and salts thereof containing 3 to 5 carbon atoms, preferably monocarboxylic acids, salts and 
anhydrides thereof. Suitable monomers in this class include acrylic acid, methacrylic acid, ethacrylic acid, 
alpha-chloroacrylic acid, alpha-cyano acrylic acid, rtaconic acid, maletc acid and maleic anhydride. In this 
class of monomers, acrylic acid, methacrylic acid, maletc acid, and maleic anhydride are preferred because 
of generally lower cost ready availability, and ability to form superior polymers. Acrylic acid is most 

io preferred in this class of monomers. 

The secondary monomers or cornonomers are selected from monomers which contain at least one 
terminal CH 2 = C < or vinylidene group. Such cornonomers include acrylic esters which are represented by 
the formula 



CH 2 »C— C-OR 

20 

wherein R is an alkyl group containing 1 to 30 carbon atoms. This group of cornonomers includes the 
acrylic acid esters with aliphatic groups wherein R contains 1 to 30. preferably 10 to 20 carbon atoms. In 
these cornonomers. R' is hydrogen or a lower alkyl. preferably hydrogen or methyl group. Examples of the 

2$ aliphatic acrylic esters include decyd aery late, isodecyl aery late, lauroyl acrylate. stearyl aery late, behenyl 
acrylate. melissyl acrylate. methyl acrylate. ethyl acrylate. propyl acrylate, isopropyl acrylate. n-butyl 
acrylate. isobutyl acrylate. n-hexyt acrylate. heptyl acrylate, octyl acrylate. ethyhexyl acrylate, and the 
corresponding methacryiates. 

Other suitable monomers can also be used as secondary cormxwmers. These include acryfamidosul- 

20 fonic acids; acrylic nitrites such as acrylonitrile; acrylic amides such as acrytamide; N-aikylol amides such 
as N-methylol acryiamide; alpha olefins of 2 to 12 carbon atoms such as ethylene and propylene; dienes 
such as butadiene and piperylene; ethylidene norbornene and dicyclopentadiene; vinyl esters such as vinyl 
acetate and vinyl benzoate; vinyl aromatics such as styrene; vinyl and allyl ethers and ketones such as vinyl 
methyl ether and vinyl ketone; vinyl nitrites; cyctoalkyl acrylates; vinyl hatides and vinylidene hatides such 

35 as vinyl chloride and vinylidene chloride: and other cornonomers described in cols. 4 and 5 of U.S. patent 
4,267,103. 

The polymers may be crossiinked with any poryfunctional vinylidene monomer containing at least two 
terminal CH 2 »C< groups, including for example, butadiene, isoprene. drvinyl benzene, dtvinyl naphthalene, 
ally) acrylates and the tike. A particularly useful crossfinJdng monomer for use in preparing the copolymers, 

40 if one is employed, is a polyaikenyl polyether having more than one alkenyt ether grouping per molecule. 
The most useful of these possess aOcenyl groups in which an otofinic double bond is present attached to a 
terminal methylene grouping, CHt »C < . Efficiency of the polyether crossfinking agent increases with the 
number of potentially porymerizabte groups on the molecule. It is preferred to utilize poly ethers containing 
an average of two or more alkenyl ether groupings per molecule. Typical crosslink! ng agents are alryl 

45 pentaerythritol. aliyl sucrose, acrylate. allyl rnethacrylate. trimethytolpropane dially! ether, diallyl ethers 
of polyether diois with molecular weight of 50 to 1000, 1 ,6-hexaned»ol diacrylate. trimethylolpropane 
triacrylate. pentaerythritol triacrylate. tetramethylene diacrylate, ethylene diacrylate. triethylene glycol 
dimethacrylate. and the like. Crosslink! ng of the polymers provides improved ability for the copolymers to 
swell. 

so The polymeric mixtures described herein contain up to about 5% by weight of a crosslink! ng monomer, 
oased on the total weight of the monomer charge plus other monomers, if present, and more preferably. 0.1 
to 2.0% by weight. To obtain good clarity, it is recommended that alryl pentaerythritol crosslinker be used at 
a level of 0.1 to 1 .4%. preferably 0.2 to 1 .2%: allyl acrylate be used at a level of 0. i lo 0.8%, preferably 02 
to 0.7%; ally! sucrose be used at a level of 0.1 to 1.4%, preferably 0.2 to 1.0%. and trimethylol propane 

55 diallylether be used at a level of 0.4 to 2.5%. preferably 0.6 to 2.0%. Good clarity herein is defined as 
clarity exceding 80%. preferably exceeding 85% transmittance. 

The reaction media for solvents which are suitable herein are preferably liquid at room temperature of 
22 * C. or at least one is a liquid so that it can solubitize the other. The reaction media are mixtures of one 



3 



EP 0 328 725 A2 



or more organic solvents with one or more hydrocarbons. The organic solvents contemplated herein include 
ketones, esters, ethers, and saturated alcohols. The esters are especially selected from lower alkyl acetates 
containing 1 to 6. preferably 2 to 4, carbon atoms in the alkyl group. 

Specific examples of suitable organic reaction solvents include ethyi acetate, butyl acetate, methyl 
5 acetate, isopropyl acetate, propyl acetate, methyl ethyl ketone, butyl propionate, cyclohexanone. and other 
non-halogenated organic solvents. Particularly suitable herein are ketones of 3 to 6 carbons, and esters of 2 
to 4 carbons, and saturated alcohols of 1 to 12 carbons which have a solubility parameter in the range of 
about 8 to 15. especially 9 to 11. U.S. patent 4,267.103 discloses some of the organic solvents suitable 
herein at bottom of col. 6 and col. 7. This patent is incorporated herein by reference. 
w The hydrocarbon solvents which are mixed with the organic solvents in the oreparation of a mixed 
reaction medium include straight-chain, branched-chain. and cyclic aliphatics which contain 4 to 12. 
preferably 5 to 9. carbon atoms. Specific examples of hydrocarbon solvents suitable herein incluJe alkanes. 
cycloaikanes, and aromatics. such as pentanes, heones. heptanes, octanes, cycfohexane. cyclohepiane. 
and non-benzene aromatic solvents such as toluene, xylene, and other non-halogenated hydrocarbon 

is solvents. Benzene is excluded. 

The organic solvents and hydrocarbon solvents can be premixed and the mixed reaction medium can 
be used in the polymerization reaction. The organic solvents and the hydrocarbon solvents can also be 
added separately to a reaction mixture and polymerization reaction can be carried out thereafter. Whether 
the components of the reaction medium are premixed or are added separately to a reaction mixture is 

20 immaterial as long as the polymerization reaction is carried c*jt in the presence of at least one organic 
solvent and at least one hydrocarbon solvent. The relative weight ratio of at least one organic solvent to at 
least one hydrocarbon solvent can be in the range of 95>5 to 1/99. preferably 80/20 to 5/95. and especially 
2:1 to 1:2. The amount of reaction medium or mixed solvent will normally be in excess of the monomer or 
monomers to be polymerized and the proportion may vary from at least 1% by weight of monomer(s) and 

25 99% reaction medium to 50% monomer(s) and 50% reaction medium. The concentration of the monomer(s) 
is normally 10 to 25% by weight in the reaction medium. 

Amount of water in the reaction medium should be as low as possible since if water is allowed to 
exceed about 3% in the reaction medium, the reaction mass becomes a solid, rubbery mass, which is 
undesirable. Preferable water content in the solvent mixtures is 0.5% or less and particularly, less than 

30 0.1%. 

Polymerization of the monomer in the reaction medium is usually carried out in the presence of a free 
radical initiator in a closed vessel in an inert atm osphere and under autogenous pressure or artificially- 
induced pressure, or in an open vessel under re&ux at atmospheric pressure under art inert blanket 
Temperature of the polymerization may be varied between 0 and 100* C. preferably about 40 to 85* C and 

35 more preferably 45 to 60* C or 70 to 80* C. depending on the type of initiator selected. Suitable free radical 
initiators are those which will convert essentially all of the monomer to polymer at the reaction temperature. 
Examples of such free radical initiators include di (2-ethylhexyl) peroxydicarbonate, di(sec-butyl) perox- 
ydicarbonate, di(isopropyl) peroxydicarbonate. di(cycfohexyl) peroxydicarbonate. di(cetyl) peroxydicar- 
bonate. di(n-propyl) peroxydicarbonate. lauroyl peroxide, and other like peroxides and peroxydtcarbonates. 

40 The di(2-ethylhexyl) peroxydicarbonate is especially effective at a reaction temperature of 45 to 80*0 
whereas lauroyl peroxide is especially effective at a reaction temperature of 70 to 80* C. Amount of the 
initiator is generally less than 2%. preferably 0.1 to 1%. by weight based on the weight of the monomer 
charge. 

This process can be carried out and the desired properties attained without partial neutralization of the 
45 carboxyi monomer, however, the invention herein can be carried out with partial acid neutralization. Partial 
neutralization herein means neutralization up to 10% of the carboxylic acid groups in the carboxyi monomer 
neutralized. 

The invention is further demonstrated by the foflowtng examples which show the higher thickening 
property and improved clarity obtained by the polymers prepared in a mixed reaction medium containing at 
so least one organic solvent and at least one hydrocarbon solvent. Most of the organic solvents and the 
hydrocarbon solvents have been used in the past as reaction media for polymerizing acrylic acid polymers 
but not in combination with each other which produces unexpected results. 



55 Example i 



This example demonstrates the improved viscosity obtained when a mixed solvent is used as compared 
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to a single solvent 

Acrylic aod was polymerized in a 2-iiter jacketed glass reactor equipped with a reflux condenser and a 
circulation water bath for temperature control. The reaction mixture contained 1J20 grams of a reaction 
medium. 180 grams of acrylic acid. 5.18 grams of anhydrous potassium carbonate, and 2.16 grams of allyl 

s pentaerythritoi crosslinker. Mixed reaction media were used although for comparative purposes, single 
reaction media were used in certain runs. The 5.18 grams of anhydrous potassium carbonate was effective 
in neutralizing 3% of the carboxyl groups on the acrylic acid to a potassium salt 

The reactor was then sparged with nitrogen for 30 minutes and 0.9 gram of di(2-ethyfhexyl) perox- 
ydicarbonate initiator dissolved in the reaction medium was added over a period of the reaction time. The 

io contents of the reactor were heated to 50 " C and the polymerization reaction was continued for six hours. 
The product was then dried overnight in a ROTOVAP drier at 95-105* C and 27 inches of mercury. 
Viscosity of the resulting dried polymer was then evaluated by measuring viscosity of the 0.2% and 0.5% 
mucilages in water at pH of 7.3 to 7.8. The pH adjustment was done with 18% sodium hydroxide solution. 
The 0.2% mucilage contained 0.2% polyacrylic acid product in water whereas the 0.5% mucilage contained 

J5 0.5% of the poryacryhc acid product. The viscosity was determined with an RVT model Brookfield 
viscometer rotated at 20 rpm. Viscosity results for the various runs employing ethyl acetate or cyclohexane 
as reaction mecia. or mixtures of the two. is given in Table I. below, where amounts are given in grams, 
unless otherwise indicated: 

20 Table I 



30 



35 



40 



Run 


Cyclohexane 


Ethyl 


Acrylic 


Crosslinker 


No. 




Acetate 


Acid 




1 


66 


1254 


180 


1.80 


2 


396 


924 


180 


1.80 


3 


528 


792 


180 


1.80 


4 


607.2 


712.8 


180 


1.80 


5 


792 


528 


180 


1.80 


6 


1056 


264 


180 


1.80 


7 


1254 


66 


180 


1.80 


8 


0 


1320 


180 


2.16 


9 


1320 


0 


180 


1.80 


Run 


Initiator 


Mucilage Viscosity, 




No. 




cps 








0.2% 


0.5% 




1 


0.90 


7.300 


53.500 




2 


0.90 


17.700 


44.100 




3 


0.90 


19.900 


49.700 




4 


0.90 


27.400 


52.500 




5 


0.90 


24.300 


52.000 




6 


0.90 


24.200 


46.500 




7 


0.90 


16.400 


33.300 




8 


0.90 


8.900 


46.000 




9 


0.90 


10.100 


24.200 





It should oe apparent from the above results that mixed solvents yield polymers that, in the form of 
so mucilages, have substantially higher viscosities than for polymers prepared in a single solvent. 



Example 2 

iiS 

This example demonstrates the use of n-hexane and ethyl acetate as mixed solvents in the polymeriza- 
tion of acrylic aod homopolymer. 

A series of polymerizations were conducted in mixed reaction media of n-hexane and ethyl acetate 
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pursuant to the procedure set forth in Ex. 1 using allyl pentaerythritol crosslinker and di(2-ethylhexyl) 
peroxydicaroonate initiator. Recipes and viscosity results are given in Table II. below, where amounts are 
given in grams, unless otherwise indicated: 

Table II 



10 



20 



Run 


vhexane 


Ethyl 


Acrylic 


Crossfinker 


No. 




Acetate 


Acid 




1 


1335 


0 


165 


1.65 


2 


1068 


267 


165 


1.65 


3 


801 


534 


165 


1.65 


4 


667.5 


667.5 


165 


1.65 


5 


534 


801 


165 


1.65 


6 


267 


1068 


165 


1.65 


Run 


Initiator 


Mucilage Viscosity. 




No. 




cps 








0.2% 


0.5% 




1 


0.825 


4,000 


18300 




2 


0325 


22.500 


66.000 




3 


0.825 


17.500 


54.000 




4 


0325 


27.000 


65.000 




5 


0325 


22.000 


50.000 




6 


0325 


16.300 


49.000 





30 Example 3 



This example demonstrates the use of mixed solvents in the polymerization of acrylic acid polymer and 
mucilage viscosities and clarity of the resulting acrylic polymer. 

35 Acrylic acid was polymerized at 50 " C pursuant to the procedure in Ex.1 in a mixed reaction medium 
containing 720.9 grams of ethyl acetate and 614.1 grams of cyclohexane. and in the presence of 1.155 
grams of allyl acrylate crosslinker and 0325 gram of di(2-ethylhexyl) peroxydicaroonate initiator. The other 
parameters were the same as in Ex. 1 . The 0.2% and 0.5% mucilages prepared in water with the resulting 
polyacrylic acid had respective viscosities of 27.500 cps and 49.000 cps and respective clarity of 93.9% 

4c and 90.1%. 



Exampto 4 



This example demonstrates the use of mixed solvents at afferent polymerization temperatures. 

A series of polymerizations were conducted at 45* C. 55* C. and 60* C pursuant to the procedure of Ex. 
1 . A fixed recipe was employed with a mixed reaction medium containing 720.9 grams of ethyl acetate and 
614.1 grams of cyclohexane, 138 grams of allyl pentaerythritol crosslinker and 0.495 grams of di(2- 
so ethylhexyl) peroxydicaroonate initiator. The resulting polymers had the mucilage viscosities in cps and 
clarity, given in the following table: 
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Table IV 



Reaction 
Temp. # C. 


Mucilage Viscosity and Clarity 


0.2% 


Clarity 


0.5% 


Clarity 


45 
55 
60 


26.500 
24.300 
18300 


82.0% 
92.3% 
90-2% 


51.000 
56.000 
51.500 


84.0% 
93.6% 
91.6% 



Example 5 

This examp.e debates «he use o« mixed sclents a. different degrees a, neutraBza^oo o, the 
acrylic acid polymers. nrnffldure set in Ex. 1 but varying degree of 

A series o. po.yrnerizafiom >™™£>^£ L i - Cunts * ptfassium 

neutron of aery.* = ac^The ^ ^ ^ 518 grams, respective*. Results of 

carbonate m runs #1. #2. ^ "^"^7^ JL, with residual acrylic acid (AA) monomer .n 
mucilage viscosities in cps are given m Table v oeiow awng 

parts per million (ppm): 

Table V 



Run 
No. 


% Acrylic Acid 
Neutralized 


Mucilage Viscosity 


Residual 
AA 


0.2% 


0.5% 


1 


0-5 


23.700 


45.700 


939 


2 


1.5 


22.700 


35.600 


790 


3 


3.0 


18.000 


24,200 


235 



40 



Example 8 



This exampie demonstrate, me use of airy, acrylate. aHy. sucrose. aHy. -macryiate. and trtmettylo.- 
propane diallylether as ^^T^^ hefe osing ,65 grams acrylic acid, a mixed solvent of 

and clarity given in parentheses are set forth in Table VI. below: 



50 



55 
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Table VI 



Mucilage 

Vise.. 

cps. 


Crosslinks Type & Clarity 


Aflyl Sucrose 
1.0 phm 


Alh/I Acrylate 
0.6 phm 


Allyl 
Methacrylate 
0.79 phm 


TMPOAE" 
1.50 phm 


0.2% 


16,500 
(83) 


21.000 
(95.3) 


9.350 
(62.1) 


12.700 
(90.1) 


0.5% 


54,000 
(82.5) 


36.700 
(95.5) 


64.000 
(57.5) 


23.000 
(956) 



* TMPOAE is trimethylol propane diallylether. 



For the 0.2% mucilage, viscosity for the poly(acrylic acid) using 1.0 phm of allyl sucrose was 16.500 
cps. for 0.6 phm ailyl acrylate it was 21 .000 cps. for 0.79 phm of allyl methacrylate it was 9.350 cps. and for 
20 1.50 phm of trimethytolpropane diallylether it was 12,700 cps. For the 0.5% mucilages, the viscosities were 
much higher, as expected. 



Example 7 

25 

This example demonstrates the use of stearyl methacrylate as comonomer in polymerizing acrylic acid 
copolymer and thickening capacity of the resulting copolymer in the presence of salt. 

Follcwing procedure set forth in Ex. 1. 160.05 grams (97% by weight) of acrylic acid was polymerized 
30 with 4.95 grams (3% by weight) stearyl methacrylate in a mixed solvent of 720.9 grams of ethyl acetate and 
614.1 grams of cyclohexane. Also used were 0.5775 gram of ailyl acrylate crosslinker and 0.495 gram of di- 
(2-ethylhexy!) peroxydicarbonate initiator. Polymerization temperature was 50 *C and reaction time was 6 
hours. The resulting viscosities in the presence of the indicated amounts of sodium chloride are given in 
Table VII. below: 

35 

Table VII 



Amount of 
NaCI 


viscosity of 
1% Mucilage 


Viscosity of 
2% Mucilage 


0 % 
1.0% 
3.0% 


25.000 cps 
10.500 cps 
1 .900 cps 


35.000 cps 
32.000 cps 
1 6.000 cps 



With 0% of sodium chloride In the i% mucilage of the acrylic acid/stearyl methacrylate copolymer, 
viscosity was 25.000 cps which decreased to 10.500 cps when amount of sodium chloride of 1.0% was 
present in the mucilage. 



Example 8 



This example demonstrates the use of the mixed solvent of iso-octane and ethyl acetate. 

Amount of iso-octane was 660 grams and amount of ethyl acetate was also 660 grams. Acrylic acid in 
amount of 180 grams was polymerized to a homopolymer pursuant to the procedure of Ex. 1 using 1.80 
grams of allyl pentaerythritol crosslinker and 0.90 gram of di(2-ethylhexyl) peroxydicarbonate initiator. 
Reaction time was 6 hours and reaction temperature was 50 " C. Viscosity of the 0 2% mucilftge was 27.400 
cps and viscosity of the 0.5% mucilage was 85.000 cps. 
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Example 9 



This example demonstrates the use of a solvent mixture of cyclohexane and methyl ethyl ketone. 
Polymerization in methyl ethyl ketone as the sole solvent results in precipitation of lumpy and rubbery 
polymer. Polymerization was carried out pursuant to the procedure of Ex. 1 using the following recipe: 



cyclohexane 


924 grams 


methyl ethyl ketone 


396 grams 


acrylic acid 


180 grams 


allyl pentaerythritoi 


1 .8 grams 


EHP initiator 


0.9 grams 



The following 0.2% and 0.5% mucilage viscosities and % transmittance were obtained: 



0.2% 


10.700 cps 


94.9% 


0.5% 


19,500 cps 


91 8% 



The solvent mixture of 924 grams cyclohexane and 396 grams of methyl ethyl ketone, was on a 70/30 
weight ratio basis. 

Example 10 



This example demonstrates the use of n-butyl acetate alone as a solvent in run #1 and a mixture of n- 
butyi acetate and n-hexane as a solvent mixture in run #2 in polymerizing acrylic acid at 50 *C and in a 
polymerization period of 6 hours in each instance. 





Run #1 


Run #2 


n-butyl acetate 


1.320 


660 


n-hexane 


0 


660 


acrylic acid 


180 


180 


potassium carbonate 


5.18 


0 


allyl pentaerythritoi crosslinker 


1.80 


1.80 


EHP initiator 


0.90 


0.90 



Data on mucilage viscosity is given below: 





cps 


0.2% mucilage 
0.5% muciiage 


5.890 
7.350 


14.400 

23.700 



Data on clarity in terms of % transmittance is given below: 



0.2% mucilage 


99.6% 


97.0% 


0.5% mucilage 


98.2% 


95.5% 



Residual acrylic acid monomer in run #1 was 0.239% and 0.146% in run #2. 

Example 11 
9 



EP 0 328 725 A2 



This example demonstrates polymerization carried out at 72.8 *C in a mixed solvent using lauroyl 
peroxide initiator. 

5 





Run#1 


Run 02 


Run #3 


acrylic acid, grams 


195 


225 


250 


cyclohexane. grams 


600.3 


5865 


572.7 


ethyl acetate, grams 


704.7 


6885 


672.3 


atlyl acrylate, grams 


0.975 


1.125 


1.275 


lauroyl peroxide, grams 


0.975 


1.125 


1.275 


reaction temp.. * C 


72.8 


72.8 


72.8 


reaction time. hrs. 


6 


6 


6 



The viscosities for the 0.2% mucilages and the 0.5% mucilages for the runs is given below: 





cps 


0.2% mucilage 
0.5% mucilage 


21,000 
51,500 


22.000 
66.000 


17.500 
62.000 



The solvent mixture was on 46/54 weight ratio basis. 
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Claims 

i . Process for polymerizing a monomer charge containing at least 85% by weight of said monomer 
oo charge of at least one otefinically unsaturated carboxylic acid of 3 to 5 carbon atoms, salts of such acid, and 
mixtures thereof, with up to 15% by weight of said monomer charge of at least one copolymerizable 
comonomer in the presence of a mixed reaction medium, an effective amount of a cross linker and an 
effective amount of an initiator, said mixed reaction medium contains at least one organic solvent and ct 
least one hydrocarbon solvent 
35 2. Process of Claim 1 wherein said organic solvent is selected from ketones, esters, ethers, alcohols, 
and mixtures thereof; and wherein said hydrocarbon solvent is selected from straight-chain aliphatic*, 
branched-chain aliphatics. cyclic aliphatics. non-benzene aromatics. and mixtures thereof. 

3. Process of Claim 1 wherein said organic solvent is selected from ketones of 3 to 6 carbon atoms, 
esters of 3 to 8 carbon atoms, and mixtures thereof; and wherein said hydrocarbon solvent is selected from 

40 straight-chain aliphatics of 4-12 carbons, brancned-chain aliphatics of 4-12 carbons, cyclic aliphatics of 4-12 
carbons, toluene, xylene, and mixtures thereof, but excluding benzene. 

4. Process of Claim 3 wherein said monomer charge contains at least 90% by weight of said carboxytic 
acid and up to 10% of said comonomer said carboxylic acid is selected from acrylic acid, methacryltc acid, 
maleic acid and its anhydride, and mixtures thereof; amount of said crosslinker is up to 5%; amount of said 

45 initiator is up to 2%: weight ratio of said organic solvent to said hydrocarbon solvent is in the range of about 
95/5 to 1/99; and molecular weight of said polymer product is in the range of about 100,000 to three million. 

5. Process of Claim 4 wherein said carboxylic acid is selected from acrylic acid, methacrylic add. and 
mixtures thereof; said comonomer is selected from afkyl acrylates containing 1 to 30 carbon atoms in said 
alky I group; amount of said crosslinker is 0.2 to 2%. based on the weight of monomer charge; amount of 

so said initiator is 0.1 to 2%. based on the weight of said monomer charge; weight ratio of said organic solvent 
to said hydrocarbon solvent is in the range of about 80/20 to 5/95; and viscosity of a 0.2% mucilage of the 
resulting polymer in water is in excess of about 15,000 cps. 

6. Process of Claim 5 wherein said crosslinker is selected from ally) pentaerythritol. allyl sucrose, allyl 
acrylate. (rimethylolpropane diallylether. and mixtures thereof; wherein said initiator is selected from di(2- 

55 ethyihexyl) peroxydicarbonate. di(sec-butyl) peroxydicarbonate. di(isopropyl) peroxydicarbonate, oV 
(cyciohexyl) peroxydicarbonate. di(cetyl) peroxydicarbonate. di(n-propyl) peroxydicarbonate, lauroyl perox- 
ide, and mixtures thereof; said organic solvent is selected from ethyl acetate, methyl acetate, isopropyl 
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acetate, propyl acetates, butyl acetates, butyl propionate, acetone, methyl ethyl ketone, cyctohexanone, and 
mixtures thereof: and wherein said hy dr o car bon solvent contain 5 to 9 carbon atoms and is selected from 
afkanes. cycloalkanes. toluene, xylene, and mixtures thereof, but excluding benzene. 

7. Process of Claim 5 wherein said crosstnker is selected from aliyl perttaerythritol. ailyt sucrose. 
5 trimethylotpropane diallylether. diallyl ethers of pofyether diols having molecular weight of 50 to 1000. and 

mixtures thereof; wherein said initiator is selected from di(2-ethylhexyl) peroxydicarbonate. di(sec-butyl) 
peroxydicarbonate. difisopropyl) peroxydicarbonate. di(cyclohexyl) peroxydicarbonate. di(cetyl) peroxydicar- 
bonate. di(n-propyl) peroxydicarbonate. lauroyt peroxide, and mixtures thereof. 

8. Process of claim 4 wherein said organic solvent is butyl acetate, iso-propyl acetate, n-propyt acetate. 
to ethyl acetate, methyl ethyl ketone, and mixtures thereof; said hydrocarbon solvent is selected from 

cyclohexane. n-hexanes. and mixtures thereof: and viscosity of 0.2% mucilage of the resulting polymer in 
water is in excess of 20,000 cps. 

9. A polymer which has viscosity of at least 15.000 cps in absence of salt when measured in a 0-2% by 
weight mucilage in water with pH adjusted to 7-8 with 18% NaOH solution, a viscosity of greater than 5.000 

is cps of a i^o mucilage containing 1% sodium chloride salt, or clarity of at least 80% transmittance. said 
polymer comprising at least 85% by weight of polymerized units of at least one carboxyl monomer selected 
from unsaturated carboxylic acids of 3 to 5 carbon atoms, salts thereof, and mixtures thereof, and up to 
15% by weight of polymerized units of at least one copoiymerizable corrtonomer. 

10. Polymer of Claim 9 wherein said carboxyl monomer is selected from acrylic acid, methacrylic acid. 
20 maletc acid and its anhydride, and mixtures thereof; and wherein said polymer is crosstinked with a 

crossiinker selected from 0.1 -1.4% allyl pertaerythritol, 0.1 - 1.4% ailyl sucrose. 0.4 - 2.5% trimethytol- 
propane diallylether. 0.1 -0.8% allyl aery late, and mixtures thereof. 

11. Polymer of Claim 10 having viscosity of a 0.2% mucilage in water in excess of 20.000 cps in 
absence of salt or greater than 8.000 cps sn a 1% mucilage containing 1% sodurn chloride salt wherein 

25 said carboxyl monomer is selected from acryfc acid, methacrylic acid, and mixtures thereof. 

12. Polymer of Claim 1 1 wherein said organic solvent is selected from ketones, esters, ethers, alcohols, 
and mixtures thereof; and wherein said hydrocarbon solvent is selected from straight-chain aliphatics, 
branched-chain aliphatics, cyclic aliphatics. non-benzene aromatics. and mixtures thereof. 

13. Polymer of Claim 1 1 wherein said organic solvent is selected from ketones of 3 to 6 carbon atoms. 
oo esters of 3 to 8 carbon atoms, and mixtures thereof; and wherein said hydrocarbon solvent is selected from 

straight-chain aliphatics of 4-12 carbons, brancfied-chain aJiphatics of 4-12 carbons, cyclic aliphatics of 4-12 
carbons, toluene, xylene, and mixtures thereof, but excluding benzene. 

14. Polymer of Claim 10 wherein said polymer comprises at least 90% by weight of polymerized units 
of said carboxyl monomer and up to 10% by weight of polymerized units of at least one copofyrnerizable 

35 comonomer. 

15. Polymer of Claim 14 wherein said comonomer is selected from alkyl acryiates containing 10 to 20 
carbon atoms in said alkyl group and wherein said initiator is selected from di(2-ethylhexyl) peroxydicar- 
bonate. di(sec-butyl) peroxydicarbonate. cfiftsopropyl) peroxydicarbonate. di(cyclohexyl) peroxydicarbonate. 
di(cetyl) peroxydicarbonate. di(n-propyl) peroxydicarbonate, lauroyi peroxide, and mixtures thereof. 

40 16. Polymer of claim 9 wherein said carboxyl rnonorner is selected from acryfic acid, rnethacrylic acid. 

maletc acid and its anhydride, and mixtures thereof; and wherein said polymer is crossfinked with a 

crossiinker selected from 0.1 -1.4% aflyl pentaerythritol, preferably 0.2 - 1.2%. 0.1 - 1.4% allyl sucrose. 

preferably 0.2 - 1.0%. 0.4 - 2.5% trirnothylojpropane diallylether. preferably 0.6 - 2.0%. 0.1 • 0.8% allyl 

aery late, preferably 02 - C.7%, and mixture? Shoreof. 
4S 17. Polymer of claim 15 wherein said polymer is crosslinked with a crossiinker selected from 0.1 - 1.4% 

allyl pentaerythritol. preferably 0.2 - 1.2%. 0-1 - 1.4% allyl sucrose, preferably 0.2 -1.0%, 0.4 - 2.5% 

trimethylolpropane diallylether. preferably 0j6 - 2.0%. 0.1 - 0.8% allyl eery late, preferably 0.2 - 0.7%, and 

mixtures thereof. 

so 
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